This is the ®rst report of corolla-borne secretory trichomes that substitute in role for a non-functional disc in a species of the neotropical genus Lundia A. DC. (Bignoniaceae). The¯oral biology and¯owering phenology of Lundia cordata were investigated at two remnants of tropical rainforest in northeastern Brazil. This species is a typically ornithophilous liana, with reddish, tubular, scentless¯owers. The¯owers are resupinate, protandrous and last for 2 d. There is a vestigial non-functional perigynous disc and nectar is secreted by glandular trichomes distributed along the internal surface of the corolla. The nectar is stored at the base of the corolla tube, thus showing secondary nectar presentation. The nectariferous trichomes are multi-cellular, uniseriate, with a basal foot cell rooting in the epidermis, one neck cell, and a glandular head with 13 cells on average. Three species of hummingbirds (Amazilia ®mbriata, Eupetomena macroura and Phaethornis pretrei) serve as pollinators. Phaethornis ruber, Xylocopa bees, wasps and diurnal moths are considered nectar thieves.
INTRODUCTION
The pantropical family Bignoniaceae has about 800 species, approx. 110 genera and is centred in the neotropics (Gentry, 1982; Takhtajan, 1997) . All species in this family are zoophilous (Gentry, 1974a, b) , with bees being the major pollinators (Gentry, 1974a; Endress, 1994) . Pollination by birds, bats, hawkmoths and butter¯ies also occurs (Weber and Vogel, 1986; Gentry, 1990; Endress, 1994; Lohmann, 2002) , with one known occurrence of pollination by lemurs in Madagascar (Zjhra, 1998) .
The¯owers of the Bignoniaceae usually have a welldeveloped nectariferous disc around the ovary; the nectar is released by stomatal sap-holes (Galetto, 1995; Rivera, 2000) . However, some taxa, such as Clytostoma, Cydista, Phryganocydia (Gentry, 1982; Rivera, 1996; Lohmann, 2002) and Lundia (Schumann, 1897; Gentry, 1982 ) lack a functional disc. In these cases, pollinator attraction can take place by deceit (mimetism of nectariferous¯owers; Gentry, 1974a, b; Vogel, 1993; Lohmann, 2002) .
The genus Lundia A. DC. comprises about 12 species (Gentry, 1982; Mabberley, 1987) , and is distributed from southern Mexico to Brazil and Bolivia (Gentry, 1982) . Absence of a¯oral disc is stated as being typical of this genus in all taxonomic descriptions (Bureau, 1868; Schumann, 1897; Kra Ènzlin, 1921; Gentry, 1980 Gentry, , 1982 . The occurrence of nuptial nectar was mentioned by Gentry (1980) and ascribed to trichomes around the base of the ovary. The few available studies into the¯oral biology of Lundia refer to nectarless¯owers in L. obliqua Sond. (Amaral, 1992; Vogel, 1993) . Deceptive¯oral attraction of L. obliqua by mimicry was presumed by Vogel (1993) , who recorded this species¯owering amongst Arrabidaea triplinervia (Mart. ex DC.) Baill. ex Bur., its putative model. As the¯oral UV patterns of the two species turned out to differ considerably (Amaral, 1992) , doubt has been cast on the speci®city of this relationship, and the mimetism of L. obliqua appears to be more generalized.
In this paper, we describe for the ®rst time the presence of corolla-borne nectar in a species of Lundia. We also report on the¯oral biology,¯owering phenology and¯ower visitors of L. cordata A. DC.
MATERIALS AND METHODS

Study sites
Observations were made from May to July 1998 and in August 1999 at the Estac Ëa Äo Ecolo Âgica do Tapacura Â (EECT) (08°01¢S, 35°11¢W) and Brejo do Bituri (08°07¢30¢¢S, 34°52¢30¢¢W) situated, respectively, in the municipalities of Sa Äo Lourenc Ëo da Mata and Brejo da Madre de Deus. Both are remnants of Atlantic forest in Pernambuco state, northeastern Brazil. The latter is a tropical semi-deciduous forest, being 110±230 m a.s.l. and approx. 55 km from the coast. The former is a tropical montane forest, approx. 800 m a.s.l., surrounded by Caatinga vegetation, thus constituting an island of evergreen forest (locally called`Brejo de Altitude'), approx. 250 km from the coast. The local average annual rainfall in both sites is about 1300 mm, with a mean annual temperature of 24°C [see Sales et al. (1998) and FIDEM (1987) for detailed descriptions of the study sites].
Floral attributes and¯owering phenology
Records were made of¯ower morphology, size and colour, length of anthesis, number of¯owers per in¯ores-cence and availability of nectar. Measurements of¯oral parts were based on ten¯owers. Nectar-producing sites were veri®ed by longitudinal sectioning of previously bagged buds in pre-anthesis at about 0430 h. Nectar volume and sugar concentration were also measured in previously bagged¯owers using, respectively, micro-syringes (Microliter â , 5 and 10 ml), and a hand-held temperature compensated refractometer (Atago â , 0±50 %).
Data on¯owering phenology were obtained to verify the blooming pattern according to Gentry (1974a, b) and Newstrom et al. (1994) .
Voucher specimens of Lundia cordata were deposited in the Herbarium of the Universidade Federal de Pernambuco, Brazil (UFP), and in the Herbarium of the Institut fu Èr Botanik der Universita Èt Wien, Vienna (WU). 
Anatomy of the nectariferous trichome carpet
Anatomical observations of nectariferous hairs were made using¯owers ®xed in 70 % ethanol and 70 % FAA (formalin±acetic acid±ethanol). For light microscopy, corollas were embedded in Technovit 7100, cut with a Reichert-Jung-Microtome (7 mm), stained with toluidine blue and safranin, and mounted in Entellan. The density of nectar trichomes was determined using a microscopical drawing attachment. Two representative square millimetres along the corolla tube were counted. For scanning electron microscopy, the selected material was critical-point dried, sputter-coated with gold, and viewed and photographed under a JEOL T 300 scanning electron microscope.
Visitor records
Floral visitors were observed on the spot using binoculars from dawn (approx. 0400 h) to late afternoon (1730 h), on both the ®rst and second day of anthesis. Visits were monitored over approx. 40 h. The frequency of visits and the behaviour of each visitor were noted. The site of pollen deposition on the body of the visitors was also recorded.
R E SU L T S
Floral attributes and¯owering phenology
Lundia cordata is a liana with terminal, corymbose panicles ( Fig. 1A) ,¯owering from mid-May to mid-July in the Reserva Ecolo Âgica do Tapacura Â and from mid-June to August in the Brejo do Bituri. Each patch at the study sites had about 25±30 in¯orescences and three to six anthetic owers per in¯orescence per day, i.e. 80±150¯owers per day.
Flowers are resupinate, hermaphrodite, tubular, scentless and reddy-orange to vermilion on the ®rst day of anthesis, turning pink on the second day. The effective length of the corolla tube (sensu Wolf et al., 1976 ) is 45´6 T 1´7 mm (n = 11). Four stamens and one staminode are inserted in the corolla tube. They lean onto the topographically lower wall section of the corolla and are slightly exerted, as is the style (Fig. 1A and B) . The anthers are villous and the ovary is densely hispid. The cupular calyx is comparatively small (5 mm long, 3 mm wide), truncate and has no extranuptial nectaries. Anthesis starts at about 0530 h. The occurrence of protandry was detected, the male phase taking place during the ®rst day of anthesis (when the bilamellate stigma is closed). The female phase occurs on the second day of anthesis, when the two lobes of the stigma are spread and the anthers have wilted. The sugar concentration of the nectar was 10´2 T 0´3 % (n = 9) and 10´6 T 0´5 % (n = 10) in owers of the ®rst and second day of anthesis, respectively (range 8±14 %). The sugar concentration of nectar during the bud phase had a similar range. The mean volume of nectar per¯ower (at 1000 h) was about 55´8 T 6´1 ml (n = 9) on the ®rst day, and 48´0 T 10´1 ml (n = 10) on the second day.
Anatomy of the vestigial nectary and nectariferous trichomes
A disc-like structure present at the base of the ovary ( Fig. 2A) is non-secretory and no stomata (sap holes) were found on it. Non-glandular hairs cover this structure and the ovary surface.
Nectar is secreted by glandular trichomes distributed over the internal surface of the corolla. The trichome carpet extends from about the point of insertion of the ®laments down to the base of the corolla tube ( Figs 1B, C and 2A) . Nectar secretion starts in the bud stage, 1 d before anthesis. At the beginning of the secretory phase, the nectar appears in drops (Fig. 1B and C) , which then fuse and¯ow towards the base of the corolla tube, where the¯uid accumulates.
The nectariferous trichomes (Fig. 2C ) are multicellular and uniseriate, with a basal foot cell rooting in the epidermis, one neck cell and a glandular head with 13 cells on average (9±17, n = 10) ( Fig. 2B and C) , the four central cells forming a tetrad, surrounded by the peripheral cells. Each trichome is approx. 55 mm high and the mean head diameter is approx. 40 mm. The distance between hairs is irregular. Their density increased from approx. 375 hairs per mm 2 in the area 5 mm below the point of insertion of the ®laments to approx. 585 hairs per mm 2 in the basal section of the tube.
Floral visitors and pollinators
At the study sites,¯owers of L. cordata were legitimately visited only by hummingbirds: Amazilia ®mbriata, Eupetomena macroura (in EECT) and Phaethornis pretrei (at both sites). Phaethornis ruber was also seen visitinḡ owers of L. cordata. However, unlike the other species, P. ruber visited illegitimately, since it took nectar by puncturing the base of the corolla tube (either a primary or secondary thief; sensu Inouye, 1980) . Bees (Xylocopa spp.), wasps and diurnal moths were also observed robbing nectar through holes at the corolla base, acting as primary (bees) or secondary thieves (wasps and moths).
Considering the behaviour of each hummingbird species, P. pretrei can be regarded as a trapliner at the populations occurring in Brejo do Bituri, visiting¯owers at regular intervals of 30±35 min. In Tapacura Â, this species was seen just once, making it an occasional visitor. Despite being a mostly territorial species when visiting other ornithophilous species at Tapacura Â (A. V. Lopes et al., unpubl. res.), Eupetomena macroura behaved as a trapliner when visitinḡ owers of L. cordata. This species was observed from 0600 to 1700 h. Amazilia ®mbriata also behaved as a trapliner, but mainly visited¯owers before 1300 h. The site of pollen deposition on the body of legitimate visitors was the chin, according to the sternotribic placement of the anthers.
D I SC U S S IO N
Flowers of L. cordata have typical ornithophilous attributes (sensu Faegri and Pijl, 1979) : the corolla is orange to reddish, nectar production is abundant (with a low concentration of sugar) and there are no nectar guides or scent.
The¯owering phenology of L. cordata is of the annual type according to Newstrom et al. (1994) , and seems to be in agreement with the Cornucopia type proposed by Gentry (1974a, b) , in that it¯owers for several weeks and produces a large number of¯owers each day. Gentry (1974a, b) also suggested that genera of the Bignoniaceae lacking a disc are normally associated with the Multiple-bang¯owering pattern. This is probably due to the lack of nectar production and the mimetic behaviour of these species`which are dependent for pollination on exploratory visits by nectarseeking bees' (Gentry, 1974a, b) . However, the phenological pattern of L. cordata and also the presence of¯oral (nuptial) nectar does not ®t with the description of the Multiple-bang syndrome.
There is no other study of¯owering phenology of Lundia, thus generalizations are not possible across the whole genus. The¯owering phenology of the mimetic species should also be followed to gain a better understanding of the phenological patterns in the genus.
The occurrence of strict protandry in L. cordata excludes spontaneous self-pollination. Moreover, as noted by Gentry (1990) , nearly all neotropical Bignoniaceae are self-incompatible. Studies on reproductive systems of some species have demonstrated that the late-acting, self-incompatibility system seems to be quite widespread in the family (see Gibbs and Bianchi, 1999 , and references therein). With respect to Lundia spp., just one species, L. obliqua, has been investigated with regard to its reproductive system (Amaral, 1992) ; late-acting self-incompatibility was shown to occur. In fact, L. cordata showed low (<8 %) fruit set under natural conditions, thus suggesting the occurrence of self-incompatibility. Field investigations are necessary to con®rm this supposition. Low fruit set in Lundia has also been noted by others (Amaral, 1992) . Gentry (1980) was the ®rst to note, without naming a particular species, that¯oral nectar occurs in Lundia, and that it may be produced by`. . . a dense ring of glandular trichomes around the base of the ovary'. Gentry was probably referring to the pilosity, which, in L. cordata, covers a perigynous ring-wall that we interpret here as a rudimentary disc. We found that this structure and the hairs covering it were non-glandular and non-secretory. The true source of nectar, in L. cordata at least, are the glandular hairs of the corolla tube. More scattered glandular hairs occur on the inner corolla tube and ®lament-bases in many other Bignoniaceae (Rivera, 1996 (Rivera, , 1998 . In Campsis radicans (L.) Seem. these trichomes even secrete small amounts of nectareous¯uid, despite the¯ower having a well-developed nectariferous disc (S. Vogel, unpubl. res.) . Such a condition may have preceded the reduction of the disc. Trichomatic glands are widespread in the Bignoniaceae, ful®lling a variety of functions. They often cover the interior of the calyx and also form extranuptial nectaries on the outside of the calyx of many species.
The trichomatic nectariferous carpet of L. cordata is considered substitutive in the sense of Vogel (1997) , because it has evolved secondarily in a subgroup that has lost a nectar-secreting organ of another, non-homologous type.
Secondary nectar presentation, or indirect availability of the nectar, was observed in¯owers of L. cordata, because the nectar is produced by trichomes distributed along the internal surface of the corolla and is accumulated at the base of the corolla tube. This strategy facilitates nectar removal by one or a few tongue licks.
Corolla-borne nectar has not previously been described in Lundia. Our results call for new investigations of other Lundia species, but also of other disc-less species of the Bignoniaceae: mostly Clytostoma, Cydista and Phryganocydia. Interestingly, of all the species in these genera, L. cordata is probably the only one that is bird-pollinated: the others do not have ornithophilous characteristics and are probably bee-pollinated (L. Lohmann, pers. comm.) .
Bignoniaceae are most closely related to Scrophulariaceae (Takhtajan, 1997) , some species of which also lack a disc but have nectariferous trichomes instead. The four disc-less genera of Bignoniaceae (Clytostoma, Cydista, Phryganocydia and Lundia) belong to the tribe Bignonieae, all other genera of which have a nectariferous disc (Gentry, 1974a) . A ®rst phylogenetic analysis of Bignonieae based on the chloroplast gene ndhF (L. Lohmann, unpubl. res.) reveals that Lundia is derived within this tribe (and here rather distant from the other disc-less taxa). In addition, the tribe Bignonieae as a whole has also been shown to be derived within the family Bignoniaceae (Spangler and Olmstead, 1999) . Since the basal (and most of the advanced) tribes have nectariferous discs, as do the majority of species within Bignonieae, the absence of nectariferous discs in Lundia is judged an apomorphy for the genus.
The nectar-sterile perigynous ring still found in¯owers of L. cordata and L. obliqua also indicates the former presence of a disc, suggesting loss of a nectary. While many species of the genus appear to have adopted a deceptive syndrome, the re-appearance of nectar-production in L. cordata suggests that a reversal from deceit to reward has taken place in some taxa of Lundia.
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